Abstract: This paper describes the application of cluster analysis to X-ray powder diffraction patterns (XRPD) to define homogeneous groups of mortar-based materials according to their mineralogical composition. For this purpose, the diffraction patterns of 110 samples of mortars from the Temple of Venus (Pompeii, southern Italy) were used to test the method. Rietveld refinement, for quantitative mineralogical phase analysis, was performed on the most representative sample of each cluster. The mineralogical grouping yielded by cluster analysis of XRPD data turned out to be consistent with the petrographic groups.
Introduction
X-ray powder diffraction (XRPD) is an analytical method commonly used in the archaeometric characterisation of many archaeological materials, such as pottery, mortar, pigments and stone, because it is easily accessible, fast and cost-effective. In the study of mortars, XRPD often supports petrographic analysis with transmitted and reflected light optical microscopy, which is certainly one of the most powerful analytical methods in the study of mortar-based materials, providing further significant information about the mineralogical composition of aggregates and binders (Martinet & Quenée, 1999; Middendorf et al., 1999; van Balen et al., 1999; Degryse et al., 2002; Mertens et al., 2007; Elsen et al., 2011) and allowing calculation of the binder/aggregate ratio in lime-based mortars with carbonate-free aggregate (Gliozzo et al., 2009) .
In the archaeometric characterisation of mortar-based materials, XRPD is normally performed on large numbers of samples. The interpretation of each diffraction pattern supplies useful information on the mineralogical composition of all samples. Comparison of many diffraction patterns is difficult to manage, due to the nature of the data themselves, and time-consuming, especially when differences must be quantified and homogeneous groups defined. For these reasons, managing large amounts of data requires appropriate multivariate statistical methods, which can compare the scans and sort them into classes based on similarity. One of these methods is agglomerative hierarchical cluster analysis, a statistical process by means of which a set of observations can be assigned to a homogeneous subset, called a cluster, which differs to some extent from the other clusters. The result of cluster analysis is affected both by the measure distance and the linkage method applied. This corresponds to the possibility of obtaining differing graphic representations, called dendrograms, tree-like diagrams in which the height of branches connecting two observations is directly proportional to the degree of dissimilarity between them. Therefore, different dendrograms can be obtained when different analytical strategies are applied to treat the data statistically. The number of clusters also depends on the level of dissimilarity at which the dendrogram is cut (cut-off value) and may be determined manually or by means of various methods/ tests. For all these reasons, cluster analysis is often a very useful and also meaningful method, which can capture the natural structure of datasets, but its results should be critically evaluated and their reliability verified.
In the study of historic mortars, cluster analysis is commonly performed on chemical data with the aim of defining homogenous groups of materials within large statistical populations of samples, indicating for instance different construction phases (Miriello et al., 2010) . Other multivariate statistical approaches, such as the principal component analysis, have been applied to mineralogical composition, physical properties and thermal gravimetric data on historic mortars with classification purposes (Moropoulou et al., 2003) . Cluster analysis was only recently applied to XRD data for grade control of iron ores (Paine et al., 2012) . For the present work, the statistical tool of X'Pert HighScore PlusÒ software (PANalytical) was adopted to test 110 samples of mortars from the Temple of Venus (Pompeii, southern Italy), already characterised from the archaeometric viewpoint 0935-1221/13/0025-2263 $ 4.95 DOI: 10.1127/0935-1221/2013/0025-2263
